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Abstract 
108 vegetable samples were collected from Jilin suburb vegetable production base, and Pb of samples was measured 
using graphite furnace atomic absorption spectrophotometer (GF- AAS). Results showed that the average Pb of 
vegetable was 0.06 mg·kg-1 fresh weight, with only 1.5% above the Safety Requirements. Single-factor contaminant 
index was utilized for assessment. It was found that vegetable Pb order as following: leaf vegetables>fruit vegetables, 
dark vegetables>light vegetables. The average daily intake (DI) Pb of per standard person was urban 21.6  -1 and 
rural 18.7  -1, as well as economical family 22.1  -1and poor 18.3  -1, indicating that vegetable Pb in Jilin 
suburbs were safety. The Pb health risk was assessed based on the target hazard quotients (THQ). The study showed 
that THQurban =THQhigh >THQmedium >THQlow =THQrural, indicating the health risk via vegetable consumption in rural 
was relative lower than that in urban area. Assessment results proved that the vegetables Pb in this area is no health 
risk to persons. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
The food safety is the current focus widespread concerned and heavy metal pollution is one of the 
important issues [1]. With the rapid development of social economy, environmental pollution can be 
caused by industrial emissions of city garbage, waste and sludge containing heavy metals, pesticides, 
unreasonable use of chemical fertilizer. Vegetables absorbed and accumulated heavy metals mainly 
through the root system from the soil, but also to absorb the gaseous or dust heavy metal element through 
the blade from the air[2]. The heavy metal element in vegetable mainly depends on pollution degree of its 
environment. Accumulation of heavy metal in vegetable came into human body through food chain 
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thereby to cause human potential health risk [3]. According to the report,  
poisoning rate 
toxicity of sustainable to adults[4]. 
Therefore the research project on accumulation of Pb in vegetables has very important actual 
significance. 
Jilin City suburb is the important vegetable food production land in Northeast China. The average 
content of toxic heavy metals in soil is below the national soil background value, but is still a growing 
trend. This study assessed the vegetables Pb pollution levels and health risk of consumption of vegetables 
in the area. 
2. Materials and method 
Taking into account the representative and the principle of uniform distribution, a total of 108 
vegetable samples had been collected in 2009 and 2010 respectively, each samples 1 to 2 kg , 10 kinds of 
vegetables with leafy 64, melons44. The samples were pretreated to remove insect bites, old incomplete 
part, rinsing with tap water, sludge and wiping dry with gauze moisture, 75  drying, grinding spare. The 
vegetables was divided into leafy vegetables and fruits vegetables: leafy vegetables including cabbage, 
Chinese cabbage, sweet potato leaves, mustard, and Indian lettuce; fruits vegetables including bean, bitter 
gourd, sponge gourd, eggplant and peppers. Sample were measured moisture as well as Pb content, Pb 
determination using graphite furnace atomic absorption spectrophotometer (Z5000, Hitachi) according to 
the national standard analytical methods (GB/T5009.12-1996). In the test process is inserted into the 8% 
level standard reference material GSB5, GSB6, GSB7 for the quality control of analysis quality within the 
scope of the requirements. 
2.1.  data analysis and evaluation methods 
Evaluation method is using single factor pollution evaluation index [6]  : 
Pi = Ci / Si                                                            (1) 
 here: Pi is the target of heavy metal pollution index ;  Ci the actual value; Si the standard value. Pi<1 
indicates that were unpolluted; Pi>1 contaminated. The larger Pi value, the more severe the degree of 
pollution. Result of the evaluation was 
    > 3.0 for heavy pollution. 
2.2. The health risk assessment  
The daily intake(DI ) of heavy metals is related to content and consumption. The heavy metal DI be 
calculate with the formula: 
foodWDI metalC                                                             (2) 
where: Cmetal -1) for heavy metal content Wfood (kg) for food consumption. Reference to 
Guangdong Province Standard investigation [7], the urban population and the rural average daily 
-1 -1 -1 -1; accordance with the level of 
family -1 -1 -1 -1and low- -
1 -1. 
Target hazard quotients (THQ) is a method used to assess the food intake of heavy metals risk, which is 
established in accordance with U.S. EPA (2000) [8]. THQ method formula as follows: 
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3-r 10
ATBWRfDo
MCFIEDEFTHQ
                                                (3) 
w -1 -1 
-1) for the digestion of food ratio; MC (  -1 -1 -1) as 
-1 -1 (U.S. EPA, 2000) [8]; BW (56 kg) body average weight; 
-1 × number of years, this study is set to 70 years of the average time. The value THQ <1 
mean that health risk of heavy metals is not obvious. 
3. Analysis results  
3.1. Characteristics of vegetable Pb  
 Statistical results of 108 vegetable samples in Jilin suburb are shown in Table 1. 
Table 1. Summary statistics of concentrations vegetables Pb (fresh weigh . 
Species 
 
Number 
of samples
N  
Range 
/mg·kg-1 
Median 
/mg·kg-1 
Arithmetic mean 
/ 
Standard 
deviation 
/ mg·kg-1 
Giometric 
mean 
/ mg·kg-1 
Distribution 
 
Chinese cabbage 11 0.01-0.13 0.06 0.08/0.08 0.09 ND 
cabbage 21 0.01-0.33 0.07 0.09/0.16 0.06 LND 
Sweet potato 
leaves 
14 0.01-0.29 0.06 0.11/0.15 0.07 LND 
Leaf mustard 12 0.01-0.35 0.02 0.12/0.17 0.10 SD 
Lettuce 6 0.02-0.07 0.03 0.07/0.04 0.07 ND 
Leafy vegetables 64 0.01-0.35 0.05 0.11/0.17 0.10 SD 
Cowpea 10 0.01-0.05 0.02 0.05/0.04 0.04 ND 
Bitter gourd 12 0.01-0.35 0.03 0.12/0.18 0.06 LND 
Towel gourd 11 0.01-0.08 0.05 0.05/0.05 0.03 ND 
Eggplant 5 0.01-0.06 0.05 0.04/0.02 0.03 ND 
Chilli pepper 6 0.12-0.66 0.3 0.11/0.03 0.52 ND 
Fruit 
vegetables 
44 0.01-0.67 0.05 0.07/0.11 0.04 LND 
Light  
vegetables  
44 0-0.64 0.06 0.09/0.11 0.05 LND 
Dark vegetables 64 0.01-0.24 0.08 0.14/0.17 0.08 SD 
all vegetables 108 0-0.35 0.08 0.12/0.16 0.07 SD 
Vegetable lead 
standard [9] 
   0.2   
Remarks: ND for normal distribution; SD for skewed distribution; LND for logarithmic normal. 
 
The concentrations mean of Pb had been clustered hierarchical analysis, vegetable can be divided into 
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3 types: Type I the highest Pb concentrations, including pepper; Type II vegetable Pb medium, including 
bitter gourd, cabbage, mustard; Type III vegetable Pb lowest, including eggplant, cowpea, including some 
potato leaf, lettuce, towel gourd and flowering Chinese cabbage. The results be showing in Fig. 1.  
That following a normal varieties of vegetables are Chinese -1
kg-1 -1 -1 -1, and vegetables of 
-1, sweet potato leaves 0.07 mg -1, bitter gourd 0.06 
- -1. All 
-1 ) provided by " the 
quality and safety of agricultural products pollution-free vegetables safety requirements " [5]. Vegetables 
Pb single evaluation index 1 shown that the vegetables Pb was at security level in the area except 
5samples of these exceeds the standard, 
In 1993 FAO/WHO suggest that weekly allow Pb intake (Provisional) was 25  -1[7]( /Per 
kilogram of body weight).  The Chinese adult average weight 56 kg [6],  the Pb DI value per capita 200  
- 1. Generally speaking, the vegetable contribution rate Pb DI is set to 30% considering other ingestion 
-1 -1 in country, exceeding samples were 5 
and 3.  Ac -1
-1 -1 for high, there were 3, 5 and 7 samples of vegetables exceeding.  
 
 
 
 
 
 
 
 
 
 
Fig. 1. Hierarchical cluster analysis based on means of lead in vegetables.  
3.2. Pb enrichment in different vegetables 
The vegetables were divided into dark and light, according to the taste into leafy vegetables and fruits. 
Dark vegetables including sweet potato leaves, mustard, lettuce, cowpea, eggplant, bitter gourd and 
pepper; light vegetable including cabbage, cabbage, sponge gourd. Fruits including bitter gourd, sponge 
gourd, eggplant, pepper; Leafy vegetables including potato leaves, mustard, lettuce, cabbage, Chinese 
cabbage, bean. Various types of vegetable Pb concentrations in great difference, Pb content change was 
trending with leaf vegetables > melon and fruit, dark vegetables > light vegetables characteristics in Fig. 2. 
3.3. Vegetable ingestion Pb to human health risk 
The Pb content of intake vegetable in human body has closely relationship with food volume and the 
magnitude of the Pb in vegetables. The different income family per standard human vegetable Pb DI is 
obvious at different regions. 
On the assumption 0f cooking not affect, the vegetables Pb content and human intake of vegetables 
lead is equivalent. The residents daily vegetable intake of lead content does not exceed the provisional 
tolerable daily intake (PTDI) standard (60  -1) [9]. In general, people intake more Pb content by dark 
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vegetables than by light-colored vegetables. Pb intake quantity was positively associated with level of 
family income. Standard of Pb intake of city/country with levels of incomes is showing in Table 2.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Average contents of lead in different vegetable species. 
Table 2.  Standard of Pb intake of different areas of levels of family incomes. 
food area /  -1  levels of family incomes /  -1  total/  -
1 
town country  low medium high  
dark vegetables 11.6 9.4  12.8 14.8 15.9  14.3 
light-coloured vegetables 5 3.9  5.5 5.4 6.2  5.6 
total 16.6 14.3  18.3 20.2 22.1  19.9 
4. Discussion 
The study shown that vegetable Pb is the exceeding standard rate of 2.9% in Jilin suburb lower than 
that of 22.2% in main southern vegetable markets. Various types of vegetable Pb concentrations have 
obviously trend: leaf vegetables > melon and fruit, dark vegetables > light-colored vegetables. A large of 
research shows: different vegetables contaminated degree from big to small is leafy>fruits[6,7], which 
may be associated with vegetable physiological characteristics, growth period and heavy metals on 
sensitive factors, as well as leaf directly exposed to the atmosphere[6]. This case illustrates vegetables-
growing soil in a certain extent by the heavy metal pollution, atmospheric deposition may be an important 
cause of pollution. 
The results of this study agreed by ZHOU Jian-li
metal elements being detected in Guangdong Province typical vegetable bases[8]. 
The vegetable ingestion Pb THQ value sequence is THQ city =THQ affluent >THQ poor=THQ rural, this 
shows the vegetable ingestion Pb has higher potential health risk to city residents and affluent family.  The 
vegetable ingestion Pb THQ value is generally not more than 1. This proved that vegetables ingestion Pb 
health risk is relatively lower compared other approaches. Therefore it is necessary to further study the 
other way on human health risk. 
5. Conclusion 
Vegetable Pb average content is 0.10 mg·kg-1, the exceeding standard rate 1.5% in Jilin suburb. 
Vegetable Pb is leaf vegetables > fruits,  leaf vegetables has more health risk compared with other kinds.  
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In various districts of the areas, the DI Pb of edible vegetables in economic level population were not 
more than FAO/WHO limited standard ( Provisional tolerable daily intake, PTDI ).According to different 
regions and family economic income level, Pb THQ target hazard coefficients were less than 1.Therefore 
the Pb content of vegetables in the area is no health risk. 
The heavy metals intake of body is closely related with dietary structure and vegetable heavy metal 
content because edible vegetable is one of the main ways intake heavy metals into the body. Therefore it 
is important to research heavy metals contents of vegetables to guiding health diet, reduction of heavy 
metals on human health threats 
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